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Disinfection with BPL IIIi wI'r S$;.. 7 1: ."1~(.I2 d~:

By Robert L. A19, Georg* )'F JtRom , gas' .diii. of

and Xerdual 5, 3erbhtcp"q- Ir:i n a i.ý ý"? (.it

k U.S. Army fliolog-icall Laborat~rels, ). r t'' .11rp:~l ~lowed by
Fort Detrick, 08b ';W-ii-wl of 24 to t48 hcotit% -

Frederick, Md. d uranion it, rem( ve the plolytneri-

~ H serchfo ltIui1sand aic ion) , it In~c :,CI wse ( Ev,-n wshen the for.
saplr, for sterilifing en. SUer~iort~ V, I'. t tbei' Srilnts.Oi~lhsl o det-cntrable liits
closed areas contaminated Among the aclvantagc, e), BPI. -rc: dc b!;sh detbkimt

Or sith miciroorgan isms prompted in. (a) it has rgood bacier~icidal pro. ftecrritckai ,sv
ý* vesiigation of the efficacy of vapor- perties, (b) itacts rýapcidly, (c; ji t hc st~ fIdVIL 1rsda i

ized beta-fkmopiolactonc. Beta-pio- rfesiduzj en 'prcyý-'vv ts .. r(' easib:, J1:1t wi:1 affect V.".lidi'.v of

piolactone" (EL) Is ati alkvlai. etaiz(a- ar,, rea, * soluble aersol C* -a.

S-44 ing agent with Fn empirical in water. ar.,;4- ~i ts :aosare ()The '.oyic.'ty o!for-
">* formula CHCH,_C=O, similar in 1achrymate-r' '-t rl,!!reb-, seve .c~~h A"ý -5ponr avý n-.ivtrers to

its ýlwn warninIg device), bu - h'tman ti-;suc' c.-2-ý. a :)roblem.

\ /less irritatirg thar. thc o other because i, is tile. rveces"ary for
0sterilants. wnrke-;-s to, entcr thee chambers after

structure to ethylene oxidie. It is The aeXo chmbr ucl trhas twrk - equipment
colrles iqud t rom eipert. in t~hese tests c;rt:-ot be seale!d to~ or rel-cove pieces of e~q~iiý)irfne for

ture, boils at 162.30C., has a speci- pemtseizdnw- ear rpi.
fic gias-ity of 1.14%.(1) and a nerrit prstue, Iozadof w:inst
vapor pressure of about 3.4 milli- mxunepress v te-poeure.syl~ rde- gasiV4W411
meters otmercury at 250C. (2) ~'Ic itrs o te rceue e Ts ed'
vapor Is nonflammable and noni- quit og pressure or vac~uvn. Use The rn'croorganimsts used

corosie a th reommnde co~- of highly corrosive crh~fmicai mrays in the evaluition oi BPL were

centra~fth'. Commercial grade BPL such as peracetic acid nre not notr- -AcrAi~et in th~ree test chambers
(97percen) i stbleforsevral mally feasible because of deleteri- "witra capacities 04l ýt.0,000 liters,

y9ears whent)i storled fot sever(2)and ous effects on O~e matzria's of the 100,000 liters, an~d 1,000,000 !iters.
yeas wen tord t 4C. 2) nd chambers. Until May i956, these Serreztia marces~ets anidthe half-life of aqueous solutions is eabr etseiie otnl prso ailssbii 'r i

approximatcly three and ont-half chmewr trlrdruiey soeofBilssbii v.ngr

hours at 235C. (3) These character. bT adnamting kcrinaldehyde in the and Bacillus anthradis were used as
istics, in addition to its known Presence of large -arounts of steam. test o.Tanisisis. The volume of test

Lactricdal nd poriida acton, For safety re"sons, 'he vessels were rrmatcriA ;Acmo~irg, in the -,miller
jasteifieda thvlando sofiia BPtI,~ maintained at a ilghtiy reduceii chamrbers v--ied from 10 to 35

Jusi~e th evluaionofair 'W~r (0 inch of watir' mililitncrs~ i asuopaeisirn cf)fltirl-
vapor as a sterilant for aerosol drn tri-to..~h ~ n Q~ngnvsp- ial

formraldlehvce tv-s pm-ow- t i~i- k-.''he LA)Y00-,Witer tam,
the stcrilization effitracy of tory. in many wc~ti its uie un b-r, [33 inI~itcri of a t.z~pinsion

IPL vapor is a direct unctiOn 0f pe*wJ serious t-perauional ;iini. la. ccwn'.aaing ? x IC"~ mornisms Ier
concentration, relat~ve hum ity tiql -tise- lient'itirm C. n ý'I rnililier Was uiiee'
and temperature. A temperature %umrmarilett & lamc ba:'rrs- ~t~ic n4 Was
a( 250C., or bth~i-.x is desirable.
the effectivenes of the diginiectant
decreales rapidly at rellasi~e hurilt-
dit it below 70 per crftD t-t sn ern a t adoie u

Although BPI. has wevergl e et oc uIvbOOkqyts a td
diuidsrantaag Qotxicity. aol ient 46@*60t ah"Atbo M pt"aS4t pewesh e. NiOW

buin~dIt, 0 Met S.rttu oWe .. vr.,0y indluefd
t4Wa : ooms rre nis
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folltowed ill all of the %i i-ri Iil.16A111 ret'Ovet y of lthe mlicrot~ngaisisi IdtIII)VI s, reL%idulIa traces that Couldd
teStS. '1he relative hum11idity (RI I) under test! ::lfec(t the validity Of SU1)IUCIIIe
(if the aeroisol chamtnber was adjust- Badilius aulIhracis-five per experimecnts, alld toxicity it)
ed prior to the disseieniation of centi sheep's 1)100(1 agar; hu1mani.
the Bllp, if)ob4ltainl a final Ril of Bacillus sublilis var. nigvrr
80 to $5 piet cent. In~complIete dis- -nutrient agar: and n~esidmai DPL
infection results if the, RH is be. Serratia marress-ens-nutri- Trhe p~rimlary adIvanltage of
low 70 pecr cent: if the R11 is too ent agar containing 0.5 per Ctflt BlLt as a sterilant in the chan. bers
high rondemiation oc-curs, causing Tamol "N". is its ease of removal after the steri-
fallout of lthe beta-propiolactone All p~late samples were react lization cycle. In the tests describ-
onto the surfaces. Approximately after 21 and 418 hours incubation ed here, residual BPI. was neutral-
15 minutes prior to steriliization at opiutimum tempeyratutre.iedbwshnthisdeoth
the BPL to be disseminated wats chamber with 0.5 per cent sodit-m
mixed with water in a 1:3 ratio. TOIRMt tfiiosuhfate solution. Subsequently,

Preimiarytess idictedThe interiors of the chain- a series of measurements to deter.
that three. milligrams of lPIP. per bers were purposely contaminated inreilaBPafrteatmn

liter of air did not sterili/e the with vegetative cells of Serratia indicated that the thiosuhiate 'vas~i
test chambers; therefore, the m~amrcescens, or spores of either waE not necessary. Quantitative as-
P'mouint of BPL was increased to Bacillus uait/racis or Bacillus sub- say for res~dual BPL following
give an air concentration of apm tili var. niger. A total of 39 steri. treatment without a thinsulfate
proximately six milligrams per lization trials were cvnducted in wash indicated a residuum of less_
liter. The conlcentration of BPI. the three chambers. (Table 1) : than one gamma per liter of air
vaipor in the air was measured by Of the 2850 surface samples within one-half hour after a cold
withdrawing air samples and ana- taken following these sterilization water wash. Of more critical im-
lyzing the samples spectro. tests, only one sample from each portance than the ~hemical assay
metrically of two different trials was positive is the biological effect of using

After a contact period of 30 for the test organisms. The failure fastidious vegetative microorgan-
minutes, an additional 3 milli- to achieve sterilization in these two isms. To date, no biological inter.
grams of BPL per liter of chamber trials was attributed to faulty dis. ference has been detected between
volume was disseminated to com- esoofteBLcueby() tssiwhhtetislaews

penateforfalou (a cndes .a. excessively long dissemination used andi those in which it was
lion) of the vapoir and to maintain tiean (bthsovtacon mted
a theoreticAd concentration of s .ix tome aP nd the pai~nte actine omited
milligrams of BPL per liter of air. ofaBPL on the paseinatedinn eier sur-" MN

(Seapedi frdisseminating facse ofaitheesisseindiatingdvie. ofeu~ theli
(Sevies appndi Bsourcs Ths falue area inictief The use of any sterilant in
devicesrand ofonsources). A ainal -n need for dispersing the BPL chambei, raises questions of cor-
tacterid (ofa coneac hie.ourwa mand quickly throughout the spaces to rosive action on metal fittings and
taned- toalf onts) t Thinime, one and be sterilized. (see appendix B) damage to rubber products such
one 0-hlf hors) Thamer insieo then Rapid dissemination of BPL is re- as glove and gaskets. Corroson of

washed with 275 gallcnns of 0.5 quired to compensate for the ac- metal products by BPL ii negligi-
prcent sodiumt thiosulffte solu- cclerated decay of BPL when acro- ble. (3) but occasionally galvanic

tio t nutrlie he BPI., The soliled as small droplets which col. corrosion may occur as in any bi-
iotoneutralizainteatetwsfl lectively represent a large surface metallic Yysteka. BPI. may have a

lowedt by a water rinse to remove Pra eeeiu feta Peo reepo
reiidual .thinsulfate andi tiher re- ducts if it is not removed with
sidnal products. Further tests have iiuseuwater immediately after the con.
shown that no thiosulfate wash is W3Core SPL was employed tact period.
necessary and that water aln is to sterilize chamber%. rxher steril.
entirely satisfactury, ants were used effectively. but with% p@VSXU p~gijd

Following thle BPL contact inles", uMlsttat& Thes were DPL is toxtl not only upon
litr~lI and subsequent water rinse, iposed bý the chambers them. inhalation, but can aimo cauift
the viable test inicroorganisims were elves, the corrosive elect of chemvi. erthm and vesication it a high
detected bv witmpling the interitir a partefraino oy corxcentfation of its vaipor, of the
surfaces of the chambr.-s with mr quin1nthneIrala liquid. remains in contact with the
sterile cotton swat% that had been tion ptocedures. cleansing prob. ski for an exended lime. The
immersed in phl-siologlcal saline. hems of the interior srarfaces of the vprof apt. in ow cwneflraý
The tation swab samples were .,9 t.~~ ,~~ ions is irritating and lachn-rulm.
streaked on media suitable for the 'fed in$"= ** o tory. (1) Sever skin burns have re-

tor no 4
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TableI. .. (;I) Its vapor% are lacliry.

MkroortonismtIllatory. giv-ing BPI, its own warn- 4

Chamber toMpsergitym iiig dievice, lbut are Ir%% irritating I, ýA
Liters a. enthmcls S, mantescenes 9. swbtilis ili1,11 those of formaIeIltVJydC.

50,000 5 16 0 (1)) 11 doets not jpilytflerifl!
100,000 5 7 2 ;1% readliy as foiolanadehyde.

1.000.000 0 1 3(c) It is rvatlily soluble i-

ft. In '1ch of two of thew to4to visblr e. .ll, were ftrvered ton one cotton sm.1,. (d) in aciticous solut.Wn, it
of ii~oi. ilt 0il~Hthas a shurt half-life, which may~ be

suiteid front1 spills o liqhuid 11111. (hiol is mhainltatined during tile en- t-educedl futhner by jilet taitSii -11f
oil shoes and cloihlitg. TeIk lo. tre cntc time. temperature.
por~atioil or brilliant greeni dhe as The ýIzalluity of residual (c) It is easily removed 6%
one partt per million ill tIIe BPL. beta-propiolactone p~resenlt oaie-hall air washing,
water' mfix(ture can aid visual clettec- hour. after conmmencing the water (f) It acts more rapitiiý
lion of BIPI. onl skin and Clothing, wash following sterilization is so than formaildehyde; howeve;. Ini
Trhe presence of thle dye on Cloth- negligible that tests capable of de- the liquid state 8PL is mote toxic
ing indiCates thle need for an im- tecting one gamma per liter of air ttiIn formaldehyde.
mediate clothing change and did not indicate the presence: of
shower to prevent skin burns. The betai-propiolactone. Tests indicat- £Cka*5W~djgMinMf
incorporation of the dye in the ed, moreover, that no neutralita- 'We sincerely appreciate the
BPL-water mixture does not lessen tion of BPL or its breakdown pro- assistance of Dr. C. R. Phillips andi
its effectiveness, as a sterilant. ducts was needed. Mr. R. K. Hoffman ini guiding the

jWhen handling BPL, wearing of Neoprene products'de~erior- planning and evaluating of these
protective clothing, including rub- ate slightly following exposure to tests.
ber boots, gloves, apron, and facc beta-propiolactone. This effect may
shield is recommended. not be detected for months in thle Lfteraluft CM"e

BPL s avapo ma I~ de- cas of hic nepren vave da- . -Beta-Propiolactoneh", Ccianese CGr:....BPL s a apo mayLe d. cse o thck nopree vlve ia- of America, C-hemnical Division, Newtected by the gas detection tubes phi agms, etc., but gloves may be York. 1958. (Primphlet N-.61)
developed by the Chemical Corps, come tacky after a single applica- 2. Hoffman. R. K., and Warshowsky, 13.
which were recently incorporated tion. Tackiness may be avoided by "Beta- Propiolactone vapor as a disii-
in Civil Defense survival kits. ('4) washing the neoprene prodltic 3etaZ " 19p8. .1 urbi46'5 38
The sensitivity of the dettacion with water or a 0.5 per cent solu- 3. Feazel, Cftarles E.. awii Lang. Ed% -it
tubes is 0.002 milligram of BPL.. tion of sodium thiosuhiate immedi- W. "New vapor phase disirocrtmi",
This test is basel on the blue color ately after contact is terminatedl. Southern Research institute, Birmi:ngI ham, Ala. 1959.
caused by the alkylation of gamma Copper or brass products 4. Spiner. D. R., and P-ff man, R K,
(po-nitrobenzyl) pyridine adsorbed may be oxidized slightly by beta. "Method for disinfecting large ell-

onc Ic a clsu r e x w it h Beta-Propiolacteineon iiagel inside asmall glass propiolactone but not to a se~rious vapor.- ApPL. Mit robiol. SO3) l~.tube through which air is drawn extent. Stainless steel is not affect- 1960
by a hand pump. Similar detection ad, .. d
tubes are A~so available comn- may be accelerated if it is in con-
mercially.' tact with dissimilar mct~alro. BRtaprtkflC iar the stenhization of

Th striizcin incay f . tissue graftts and plasnu,`
The terliztio eficay o Tenarand Co., Detroit X6

CSDUSSS PL vapor is a direct function of 1113"a. Propiolaeone as a ster*
The tests ulescriWe indlicaite the concentration, relative humid. Hlamt. R. F. Goodrich Ca., Rrecksivillt.

0. Jan. M~&that beta-propiolactone is an exacel- ity, and temprrature A tem-pera. Dawrsom~ F. W.: Heam'. H. 1.
lent sterilant. for the air anti sut. lure of 2M~. or highner. and a re. and Holoaii. R, IL "Virucltal activily
faces in closed chambers. A cal- lative humidity between 70 and 85 *1 B.PUripioIbcon v&W." .4Wl Micro-

bW.I 7(4) 199.S. 190,culated concemnration of six milli. pM cent have proted satisfactory. Prg R1ow~ 4b 'Et=6 of
gramtrs of BPIL per liter Ni air is Particular mternion sihould -ime dietiamuinstin Pleoedru.
neMWe at the beginning of the be given to receued amea within ithV Rserh rsitt.Blunham, Ala Oct. IM5contact period. followed one-half the chamber to be sterilized, in av- loGrippi. (Ierald A. uand Hart.
hour later by three milligram% of sure that 3ll areas can be reached ma, Frnwk W. 'Anliiseiclsy of 11.Pron.
RPL per liter of air for a lt-it by the beta-pwpi~olacont vaptr. P~"N7wfaw) "'"As3 ricim"
contac t ime of one andI one-half BPIL vapor has several itd. LofnpOM Geral A. "Deta-swPo
hour to complete the sterilizatiotv Vantages Oerf formaltthyd as :6 pioaictmose for IMw stf'ilsaslon of 60102;
A devic, that rapidly disceminates sterilant: a]l mwWlss' Trm Heus Fowi Hi's tuii

she ~~~~ ~ ~ ~ 9 31,wtymitr Isalb M mL 5(2) 94-".19.
usied so that a steriliaing conmetra. o"uf It. in j - Sa -,m Teodoro. biR"&: Nos Pirmill.



I.Joseph IL. " 'rt, '.,lure f.or l,,tit w N rilizt % is milliliher o f itl e i61.jirevil fI'm f, If "k g reat;er viIl," ,(4 ..
ltioen #ilh IJeta-I'r, p iet- t. J. I,,,'ne Iblallk, mctni% is rei'tl red lIc:uu.e 4,4 high HI'I.
Jointi t*'ee'rvy 31.-A.(,e 13541-13114, 1957. It is milliliter of i,.lint, required foer Inle'lll ,,f Il samilhle. :0i1 te',,lrti-ee;e.-

L.,, ;riplti. Gerahl I A. ".\Aligtunicity run, It hi, cr1 reamit.nt% i,., 2.5 milliitvler%
of cetliiincl I - I ' ehichc iit ee i Id 1lira l i-. ito.rmnialit l o if h tilme, ;a1id N," Pll pllu 2.4 milliliht'er% I I,)II-IIi ( I
%iil.'i -inlavCivld viillu v cit lt' •,"" I. )#en \tI i-i weightl of samnple iii inilligr;eil s l11% .4 10iilililer. F I'4't .I

ni llln 8O tl l4-I'l$2lI.t I 5. "l' c c�c trr letion f:aiclr, 0.94.5, i,,. Cl..i k saiemilenlh if iI. ler.l
l,,i,,ei tIIIeei re-tltle ibl~ihaticit icy eri.- teiii:limi flr iilig t trlilaim ,,n it,l it , eil

£ppoeaif A W4't. lll i .,1%s aind reiri.•sn 0 i.;4 -p'h'elvi lrieh .6 ounter. 0i'mplm;ire with i rt.

itial Ierqwl'ct purhyy. agent lalank that doNet not contain 111'.,
I..bev loay AS•aY I. Rtvigeint . Soliilum ihio it-itileti A bulak is lpreplareel with live mnililitelrs

a I duvs lltiaO *.iroximn:itly 0.4 tolhir Of tile NXi0ill solution, live milliliters eef
3 -. ,,.-OPM WIN 0 Standlardl hilltw .tsolatlion 02 Norm:il tile NIlI,, IH-tCI. andluliee~e, sii •ix

TOrlrsict Llabratoery I )illseet! poe tasstium plie sph::c li uiTcr inilliliter-4 FvCi.1  edlalion. The nlix ture
-- .ire it. hi -.l't .1i asaig Ill'l. 'rihe first pro. %e1liit:.1r is blrouglht te 100 milliliters with dliu-

eedltre' (eleltrio raetihon dletei'tiw ie ucIt d f K1 l'( )P 2 Meolar tilled water. The bllink i, used to obletaili
Sor aessay.of li. bulk pSriminc .t ita . eul eatc I Molar a zero reading alfter thei, lectrolhotlo-

lit' huk )ereeliie:Starc6 solution 0.5 per cent mtr1 t1k1 2.iiineetflesecondl~ liromedtirv (d1et~h'hin of rus~dll tti"ilatlto ,•I"cll inuetr is iiullltd. A 525-nmillilnitron filoi-r

IIc1nie tere•'tlure I(,l-ticel n . teil ret' t',Im• N. The reatienii involved in tie is uised for all determiniations.
fi3P1.) is eisel wl a s4ay S .nljlle 41*,1,H1 it v.ýnalo is
itog low coulcitnliieellr l. lI .tifec'intiliOi -- !i. The vei,. elit.taipnedi ly deduclt-

-- ' ing the reading iel Itie blank froin the

ftw olv atftwww D etI.ll - SC ( -- C--'Ox reading of the test s•eition can then
Ta"llszlo -- eS• CHi•"C•l"OHN-t i be ceempared with a s:airdard curve te;The dtei:tratined of BPI. :ni lju'.k "". The above method of analysis obtain the milligrnns of 1lll. containedmust lie deterned immeliatelly upon for be:a-proluiolicione was excerpti3 in the sample.

recApt and periodically during stor:tgc from "Clemical and Cryoscopic Analysis

to indicate ptossible deterioration d.i."fnJ of B-Propiolactone" by Willard P.
transit and storage. Tyler and Donald W. Beesing, .4sAliy- •iN• N a

1. Pipette 25 milliliters of 0.4 tical Chemistry. Vol. 24, Page 1511. iusernu.'glDle
molar sodium thirasulhate into a flask SeItA 1952.
and add I milliliter of 2 M dibasic pot- Tluh sources of PPI. e'is.eimnat-
assium phosphate buffer solution. i:.g devices fot ind to be satisfactory list-

2. Weigh out a sample of BPL in DOO& @ ad t iduw DPI.L cd below represent orly those types test-
a small glass vial, between 0.3 and 0.4 The BPL in air is assayed by the e:l or u~ed at Fort Detrick. This list
gram, kn~own to the nearest 0.1 milli- following procedures: probably does not include others corn-
gram. 1. Reagents mercially available, and is not to be con-

3. Place the weighed v'il contain- 20 per cent sodium hydroxide strued as an endorsement of the manu-
ing the BPL in the flask containing the (XaOH) facturer's product.
thiosulfate-buffer solution. 20 per cent hydroxylamine by- Pulse Jet M3A3 Smoke Generator

4. Swirl gently to mix and allow drochloride (NH.OH-HCI) Army C:emicl Center
to react for 10 to 20 minute-s. FeCI, (6110) 10 per cent by Edgewood, .Md.

5. After this reaction period, wash weight in 6N hydrochloric acid (HCi) Hydro:nist Vaporizer
down the sides of the flask with about 2. Procedure Ar:nold Laboratories
25 milliliters of water and titrate with a. Immediately prior to ,ampl- 2507 S. Mai~i St.
02 N iodine solution, using starch as an ing, place 2.3 milliliter each of NaOH Los Angeles
ind:cator. and NHOH-HCI solutions in the gas Tokhcim Vaporizer

6. Blanks: All blanks should be washing bottle (Dreschsel) for collect- 1672 Wabash Ave.
tun to as to simulate run cor~ditiomns to ing the aerosol sample. Ft. Wayne. Ind.
correct for minor errors that may occur b. Draw a measured volume of Todd Insecttiida', Fog Applicator
when the thiosulfate is titrated in weak1- air containir.g BPL throMgh the bubbler. Army Chemical Center
ly alkaline solution. Add S milliliters of c. Add three milliliters of FeCI i Edgewood. Md.
sodium acetate before titration. reaillft, Challenger Vaporizer

Per cent beta.propiolactone= d.Shake bubbler to remove tn- Z & W Jet Sprayer Model SI00C
(A- 8) N x 7.206 trapped air. Z & W Manutlauriag Corp.

•Wt x-0.s ie. DLiutc to 100 milliitter with 11M Lulalked Iflvd.
where distilled water. Wikliffe. 0.
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